Mr. HARRY PLATT (Manchester). PRELIMINARY CONSIDERATIONS. THE problems of acute hbematogenous osteomyelitis have exercised the minds of surgeons for many generations. In the "pre-abdominal" era the suppurative diseases of bone occupied a fairly conspicuous place in the surgical emergencies of the day, and probably such conditions were treated with as great success as is attained on the average at the present time. But during the past quarter of a century acute osteomyelitis has considerably lost in importance, for two main reasons. First, with the change in surgical perspective caused by the abdominal revolution, acute osteomyelitis with other commonplace affections .of the skeleton, has been relegated to the background. For the careful personal attention of the older master surgeon-who himself often dressed the wounds he created-the unregulated enthusiasm, and transitory interest, of juniors have been substituted. Indeed, in many hospitals it is the custom to assign all patients with acute osteomyelitis to the tender mercies of the surgical residents. The second reason is simpler and has no controversial implications. Acute osteomyelitis is admittedly an uncommon disease at the present day.
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When we survey the extensive literature attached to this subject, we find its influence as a whole somewhat unsettling. Too often the surgical teaching of a particular school has been swayed in the direction of dogma, by conclusions drawn from the analysis of a comparatively small number of cases treated over a fairly long period. A typical report or contribution to a discussion is a study of some fifty cases in a ten-year period, from which it would appear that this or that operation-e.g., primary resection of the diaphysis-is the method of choice. What does such an analysis imply, if we consider it dispassionately? That the fifty patients were dealt with by almost as many different operators. In a hospital with five surgical units, this would be an average of two cases of acute osteomyelitis to each unit every year. We cannot of course blame any hospital, or any individual surgeon, for the scarcity of material on which reports are made, for this is a disadvantage common to all who practise surgery. But we should welcome authoritative teaching based on a large series of cases treated in a clinic with unity of control, where operations based on an agreed conception of the pathology of this affection have been carried out by the chief of that clinic and his associates. Such knowledge has lately become available as a result of the experimental and clinical studies of Clarence Starr, of Toronto, whose writings, in my judgment, form the outstanding contribution to the surgery of acute osteomyelitis during the past decade JUNE-ORTH 1 INCIDENCE.
It will be instructive at this stage to deal briefly with the question of incidence. The statement that acute osteomyelitis is comparatively uncommon is well borne out by recent statistics. In the Registrar-General's report (England and Wales) for 1926, the deaths from acute osteomyelitis for the year were 417, as compared with 2,710 deaths from acute ap.pendicitis. The mortality-rate has remained fairly constant during the six years, 1921-1926 (inclusive) , the average number of deaths per annum being 435. The highest mortality occurs during the age-period 10 to 15, and the male sex predominates in the proportion of 2 to 1.
Statistics from various hospital reports also form a useful commentary on the frequency of this disease in surgical practice. At St. Thomas's, during 1925 , fourteen cases were treated; in 1924, seventeen cases; in 1923 there were seven operations, and in 1922, nine operations for acute osteomyelitis. At University College Hospital, in 1927, there were twelve cases; in 1926, three cases; and in 1925, nine cases. In one of Clarence Starr's most recent articles' there is a reference to a series of 207 cases treated at the Toronto Children's Hospital in twelve years. The London Hospital, with its exceptional bed accommodation, and vast clinical population, is more fortunate. In 1926, thirty-five cases were dealt with, an average of seven to each surgical unit.
In the discussion on acute osteomyelitis at the Annual Meeting of the British Medical Association, in 1924, figures from St. Bartholomew's were quoted by Mr. Acton Davis.2 In two separate four-year periods, forty-five cases were operated on by the method colloquiallv known as " the gutter," and seven by diaphysectomy, a total, for eight years, of fifty-two cases.
In my own unit at the Ancoats Hospital, which deals with all the acute osteomyelitis material of the hospital, I have had forty-one cases only during the past five years (1923-1927 inclusive) . One might quote figures from many other sources to illustrate the comparative scarcity of such material at the present time.
In introducing the subject I shall confine my attention to certain aspects of the pathology, symptomatology, and surgical treatment. On the general atiology, skeletal distribution, and bacteriology of the disease, there is little scope for discussion or controversy. Some of these points are illustrated in the following Age-period: Under 10 years, 15; 10 to 15 years, 19; over 15 years, 7.
The term "acute osteomyelitis" implies an acute inflammatory lesion affecting all the various anatomical constituents of bone. Further, the type of acute bone infection we are considering is a metastatic phenomenon, dependent on the existence of a primary bacterial focus elsewhere in the body.
ANATOMY AND BLOOD-SUPPLY OF THE LONG BONES.
The schematic blood-supply of the long bones, first taught by L3xer, forms a useful basis for a consideration of the avenue of entry into the bone of infective emboli, and the mode of spread of an inflammatory process ( fig. 1 ). Lexer's earlier conclusions that the terminations of the three distinct systems of blood-vessels which supply the juxta-epiphyseal cancellous tissue (epiphyseal, metaphyseal, and nutrient 1 Starr, C. L., " Osteomyelitis," in Lewis's "Practice of Surgery," 1928. 2 Brit. Mod. Journ., October 4, 1924 sets) are end-arteries, has not always been confirmed by later observations. The existence of vessels running from the metaphysis through the growth disc into the epiphysis has been known since the days of John Hunter. Whether the end-artery conception be correct pr not, of equal significance is the extreme tortuousity of the capillaries in the metaphysis, which leads to a slowing of the blood-current and thus favours the arrest of tiny emboli (Hobo). It is important for our purpose to contrast the blood-supply of the growing bone with that of the adult. In the child the dominant vascular region is the metaphysis. As the period of cessation of growth approaches, the vascular picture of the bone changes. The shaft-supply from the nutrient artery assumes greater importance, and it is also probable that free intercommunication develops between systems or merly separate.
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A good deal of experimental work has been done to determine the relative values of the various systems. The results appear to show that: (a) The nutrient artery maintains viability throughout the medullary canal and deeper half of the cortex; (b) the metaphyseal group of vessels supply the cancellous tissue of the juxtaepiphyseal region, and the deeper half of the overlying cortex; (c) the periosteal vessels supply the superficial layers of the diaphyseal cortex only. Repair is most active when the nutrient supply is intact, and feeblest when the bone has to depend on the periosteal supply alone (Johnson).' These facts have a most important bearing both on the spread of the osteomyelitic process and the rationale of the various forms of operative treatment. MORBID ANATOMY.
I.-Primary Localization and Spread in the Growing Bone. A. Metaphyseal Osteomyelitis.-It has long been established from clinical, pathological and experimental observations, that in the growing bone the acute osteomyelitic process almost invariably begins in the metaphysis. The end-artery system and sluggish blood-stream are factors which determine the lodgement of infective emboli in the cancellous tissue just beneath the epiphyseal disc. The tiny inflammatory focus which thus results may remain latent for a time, or may begin to spread with great rapidity. The possible routes of extension of the original juxta-epiphyseal focus, as usually taught to students, are familiar to all ( fig. 2 ).
Certain directions of spread are rare. These are the invasion of the neighbouring joint after the breaking down of the stout barrier formed by the attachment of the periosteum to the epiphyseal line, or from perforation of the epiphysis itself. The pathological picture which then results-i.e., an acute suppurative arthritis-lies somewhat outside the scope of our present discussion.
A most important line of advance is the tracking of the infection along the plane of the epiphysis to reach the subperiosteal space. From here there is little to prevent rapid extension along the surface of the shaft, owing to the ease with which the periosteum strips in the young bone. It has long been taught that pari passu with the subperiosteal spread, the infection extends downwards in the interior of the bone, invading the medullary canal for a considerable distance along the shaft. Upon this conception, now proved to be erroneous, the treatment of acute osteomyelitis by means of the " gutter " operation has been based.
The work of the Toronto School has finally settled the vexed question of the chronology of the spread of the acute osteomyelitic process in the interior of a long bone. Starr has shown that whilst the spread to the surface, and so to the subperiosteal space, is early and rapid, the cancellous tissue of the metaphysis seems to offer considerable opposition to downward spread towards the medullary canal. In fact, the juxta-epiphyseal focus remains small and localized at a time when considerable stripping of the periosteum has taken place. It is not uncommon for the whole shaft to be stripped, with the medullary canal remaining absolutely uninvaded. The medullary canal proper is rarely infected until a much later stage, and is then often invaded not directly from the metaphysis, but from the subperiosteal space along the Haversian canals (retrograde infection). An important avenue of longitudinal spread in the interior of a pipe bone is along the cancellous tissue which lines the deep surface of the cortex. and post-mortem observations, have influenced my own attitude towards acute osteomyelitis since 1922, when Starr's first paper came before my notice.1 B. Diaphyseal Osteomyelitis.-ln older children an atypical primary localization may occasionally be seen in certain of the long bones (e.g,, radius and ulna). The infection may reach the bone by the nutrient artery and the initial focus develop towards the middle of the shaft. The subsequent spread then occurs along the cancellous lining and in the medullary canal itself towards the proximal and distal ends of the bone.
Archives of Surgery, May, 1922. JUNE-ORTH. 2 * Platt: The Treatment of Acute Osteomyelitis II.-Primary Localization and Spread in the Adult Bone. The pathological picture of acute osteomyelitis in the adult long bone is not inherently different. It is simply modified by anatomical conditions to which we have already alluded. The primary focus may be localized: (a) in the middle of the shaft, when the infection has reached the bone by the nutrient vessels; or (b) in the cancellous tissue of the old metaphysis, as in the child. From either site extension may occur, both in the interior of the bone and along the surface. There is, however, a striking tendency for the initial focus to remain latent, and for the osteomyelitic process to spread somewhat slowly. The periosteum of the adult bone offers considerable resistance, so that when the infection reaches the surface, and pus accumulates under tension, it is not uncommon to find that a breach occurs, allowing the pus to escape into intramuscular planes. In the adult the primary focus may become shut off by a zone of sclerosis, with the ultimate formation of a chronic abscess, situated either in the centre of the shaft or at the end of the bone.
III.-Reaction of Bone to Infection.
The changes which occur as the osteomyelitic process spreads, represent the inevitable reaction of bone to the destructive and stimulative influence of bacterial invasion. Considerable periosteal stripping may occur without endangering the nutrition of the shaft, if the juxta-epiphyseal focus remains localized. Nor does early necrosis necessarily imply the future formation and separation of sequestra, since many areas of cortex or cancellous bone which have been completely devascularized are later reintegrated in the shaft as the infection becomes attenuated. It is obvious that such natural repair may be jeopardized by injudicious operative technique. The changes in the so-called chronic stage, in which bone formation and late necrosis ordinarily predominate, do not require detailed consideration, for the. outstanding surgical problem of acute osteomyelitis is the prevention of such sequelae.
SYMPTOMATOLOGY.
In the clinical picture of acute osteomyelitis it will be useful to dwell on those signs which are of chief importance in relation to early diagnosis and differential diagnosis.
I.-The Prodromal Phase.
A study of the symptomatology suggests that there are two main clinical groups: (1) Where the local and constitutional signs appear somewhat abruptly after a very short prodromal phase lasting two or three days. This phase may be non-existent in the clinical sense, or the patient may complain of transitory pain in the affected limb or part. With such an onset the condition develops along the accepted lines, and, according to the speed of progress and the severity of the symptoms, various clinical types are distinguished, e.g., the rare fulminating type, the ordinary severe type, and the mild or more subacute type.
(2) In the secpnd group are found those cases of acute osteomyelitis of every degree of severity where there is a definite clinical prodromal phase lasting from seven days to three or four weeks, during which localizing signs of the greatest importance occur, but which usually pass unnoticed. In my own recent series of forty-one cases, in twenty-two there was a definite prodromal phase of this kind, and I believe the proportion would be even greater if the case histories had been more carefully taken. I have also scrutinized the records of more than .100 cases which have passed through my hands, and from the imperfect records have obtained glimpses of this phase again and again. I would therefore lay the greatest emphasis. on the prodromal stage of acute osteomyelitis, for that must obviously correspond to the stage at which the tiny juxta-epiphyseal focus is smouldering, but has not begun to spread. Of the localizing signs which characterize this phase, two are of outstanding importance: (a) Fixed pain at the end of a long bone, and (b) metaphyseal tenderness. Intermittent limp and other slight subjective or objective symptoms may also be present. A prodromal stage with a definite symptomatology is more usual in older children and adolescents, in whom an accurate history is more easily obtained than in younger children. Thus, a diagnosis should often be possible in the etarliest stage of the disease-in patients between the ages of 10 and 15-the period of greatest mortality. If there is a history of a recent skin sore or other superficial sepsis, the early localizing signs take on added significance.
We must therefore correct the perspective of our clinical teaching on acute osteomyelitis, and turn away from syrdrome of the disease in the florid stage to that prodromal phase in which the diagnosis should be increasingly possible, if the significance of the localizing signs were more widely appreciated.
II.-The Early Stage.
The local and general symptoms of the prodromal phase, at first somewhat elusive, become more insistent as the j uxta-epiphyseal infection reaches the subperiosteal space. At this stage definite bony swelling is added to the metaphyseal tenderness, and occasionally there may be a slight effusion in the neighbouring joint. Accompanying these local signs are the symptoms of a general infection, mild, or severe. When such a clinical picture is established, the diagnosis should rarely be in doubt, but, owing to the comparative infrequency of the disease, the syndrome is commonly regarded by the practitioner as indicative of some other acute infection.
In the average acute osteomyelitis arising late for surgical treatment, a diagnosis of acute rheumatism has usually been made. It is an easy matter to enumerate the points of difference between acute osteomyelitis and acute rheumatism. At first sight there is very little resemblance between the clinical picture of the two infections. An acute synovitis with joint pain, joint tenderness and muscular spasm, is in striking contrast with the painful, tender, and thickened metaphysis, even though the latter is in close proximity to a joint. Whilst we must continue to emphasize these distinctions, it is clear that the student and practitioner would be considerably aided if the incidence of acute monarticular rheumatism were defined. Is there such a clinical entity between the ages of 10 and 15 ? and if so, is it common or rare ? If acute monarticular rheumatism be rare, or non-existent, then acute osteomyelitis must be given pride of place in the clinical consciousness of the practitioner. When such a changed attitude of mind becomes general, acute osteomyelitis will be suspected both in the prodromal stage and in the earliest phase of subperiosteal spread. It will then be possible in all doubtful cases to perform an exploratory operation. A small incision down to the metaphysis at the point of tenderness, and puncture of the bone by means of a series of drill holes, will save many limbs and many lives. If the diagnosis be unconfirmed the patient will suffer no harm.
III.-The Early Diagnosis of Acute Osteomyelitis in Deeper Bones (Pelvis, etc.).
So far, the clinical picture of acute osteomyelitis has been considered in relation to the long bones. Special difficulties are encountered in the diagnosis of acute infections of the flat bones-more particularly of the pelvis. The mortality in acute osteomyelitis of the pelvis is very high. From the Moscow Children's Hospital, Krasnobaew records twenty cases out of 428 cases of acute osteomyelitis in twenty-one years. Of the twenty, eight died (40 per cent.).' In pelvic osteomyelitis the ilium is the usual site, but we have little kDowledge concerning the primary localization of the infection. When it begins near one of the epiphyseal lines there is usually an early extra-osseous spread; rupture of the periosteum occurs and a large abscess tracks amongst the surrounding muscles. In other cases the inflammatory process extends widely in the diplo'e, and does not reach the surface.
Localized pain and deep tenderness may be absent or inconspicuous in the early stages of aoute osteomyelitis of the ilium. In the presence of an acute toxammia suggesting osteomyelitis, but without definite localizing signs, the ilium should always be suspected. There are three suggestive clinical signs which may assist in diagnosis: (a) Referred pain radiating down the thigh on the same side; (b) pelvic tenderness on rectal examination; (c) a sense of deep resistance between the trochanter and iliac crest. In the two fatal cases out of four examples of acute osteomyelitis of the ilium in my last series, referred pain was a well-marked symptom in the prodromal and early stages, but its significance was appreciated only in the retrospect. It is a symptom which can hardly be fortuitous, and one which I shall always bear in mind. I would urge the necessity of exploratory puncture of the ilium, without delay, in every case of suspected pelvic osteomyelitis.
IV.-Differential Diagnosis of Subacutte Osteonmyelitis.
In the adolescent or adult, the course of haematogenous osteomyelitis is not infrequently subacute, with a resulting clinical and radiographic picture which may simulate other chronic bone affections, notably sarcoma. The differential diagnosis of such conditions opens up a wide field for discussion which lies outside our immediate objective.
TREATMENT.
A consideration of the mode of origin and spread of the osteomyelitic process in a long bone inevitably leads us to enunciate certain principles which should govern both the local and general treatment of the early lesion and its ravages. I would state these as follows:-
(1) It should be the aim of the surgeon to establish early and effective drainage, and to achieve early sterilization of the wound.
(2) The operation must be so designed that: (a) further devascularization of both infected bone and uninfected bone is avoided; and (b) infection is not directly introduced into uninfected areas.
(3) The systemic infection must be combated by appropriate general and specific treatment. In severe toxamia or septicemia, intravenous antiseptic medication and immuno-transfusion should be practised. Into the minutiwl of such therapy I do not propose to enter.
Operative Treatment. In the surgical treatment of acute osteomyelitis three main types of drainage operation are commonly practised at the present time.
I. Subperiosteal and .Metaphyseal Drainage.-It is obvious that in the earlier stages drainage of the inf9cted area alone, implies: (a) drainage of the cancellous tissue of the metaphysis, combined with (b) drainage of the subperiosteal space in the area of spread. Although a subperiosteal collection of pus develops only when the infection has escaped through a definite hiatus in the bone, drainage of the subperiosteal space alone is insufficient, for the hiatus is always minute and often hidden on the deeper aspect of the bone. In patients who are desperately ill with a large extraperiosteal and subperiosteal collection of pus, and especially in osteomyelitis of the flat bones, it is occasionally necessary to be conte'at with extra-osseous drainage alone as a temporary measure.
In the average case of acute osteomyelitis, however, it is sound practice to open freely into the metaphysis, either by multiple drill-holes, after the original technique of Starr, or by removal of a small trephine disc. All pus and infective d6bris should be sponged out lightly, but curettage of the interior should be avoided.
At this stage there cannot be the slightest justification for the common practice of extending the opening into the bone along the shaft, and exposing the medullary canal for a distance equivalent to the limits of the subperiosteal stripping. (The gutter operation.) We should unite to condemn this procedure and to explain its futility and dangers when the osteomyelitis is confined to the metaphysis.
Where the method of conservative drainage of the metaphysis has been consistently practised in acute osteomyelitis, the results have been most convincing. When carried out at the stage at which the periosteal stripping is minimal, or where the infection has not reached the surface, healing should be obtained without subsequent sequestration. In 207 operations at the Toronto Children's Hospital, twetaty-six healed in this manner. This technique has been followed as a routine in my own clinic for the past five years. In the forty-one cases which I have already quoted, subperiosteal and metaphyseal drainage was performed in twenty-two.
Fourteen of these healed without sequestration; in the remainder, sequestra of various shapes and sizes were extruded spontaneously or were removed at a secondary operation.
II. Diaphyseal Drainage (The Gutter).-The gutter operation has its legitimate indications when the medullary canal with its lining of cancellous bone is infected widely. Such conditions are seen in osteomyelitis originating in the centre of the shaft, or in neglected cases of primary metaphyseal infection. Where the osteomyelitic process has travelled extensively in the cancellous tissue of the shaft of a pipe bone, it is difficult to establish drainage without imperilling the viability of the shaft as a whole. In such circumstances the gutter operation must tend to add to the amount of necrosis already determined by vascular obliteration and the chemical action of continued suppuration. In bones with a considerable subcutaneous area, e.g., the tibia, the gutter has also the great disadvantage of leaving an avascular adherent scar. In my last series there were four operations of the gutter type, with one death. In one of the remaining three cases healing occurred without sequestrum formation, and in the two others extensive necrosis resulted.
III. Subperiosteal Resection of the Diaphysis.-Here we are on more debatable ground. If this operation is to be justified as a method of primary drainage, it must fulfil certain requirements. The arguments in its favour are: (a) That it allows a most effective drainage of the subperiosteal space; (b) that infected bone which would undergo massive sequestration at a later stage is removed at the outset, and thereby prolonged suppuration and secondary operations are avoided. In theory both arguments are sound. The obvious objection to the operation is that it is likely to be too radical as a method of simple drainage, and that complete or partial failure of regeneration of the shaft, with all its sequelae, may be seen under certain conditions. On the role of diaphysectomy my mind is, in the words of the late President Woodrow Wilson, "open and to let," although in the past fifteen years I have practised it only in some half-dozen cases of acute osteomyelitis. In my last series (forty-one cases) there was one diaphysectomy. For the earlier stages of acute osteomyelitis, where the results of conservative metaphyseal drainage are beyond criticism, diaphysectomy can have no justification; in the neglected case, where the whole shaft is riddled with infection, the operation is, however, in theory more rational than the gutter. But whenever performed in acutte osteomyelitis, there must always be a definite risk of non-regeneration, owing to destruction of the periosteal tube in part or as a whole. In the less acute types failure of regeneration need not be feared, a fact which suggests that the operation is more suitable in the treatment of subacute osteomyelitis.
There is one final consideration in assessing the value of any operative procedure in acute osteomyelitis. It is cutomary to compare the respective mortalities of the various operations-a most illogical form of argument. In many cases of acute osteomyelitis, when first seen by the surgeon, there is a profound septictemia and the fate of the patient is not determined by operative treatment.
CONCLUSIONS.
(1) A close study of the fleeting symptomatology of the prodromal phase of acute osteomyelitis will lead to earlier diagnosis.
(a) Fixed pain at the end of a long bone, and (b) metaphyseal tenderness are the most significant early signs. In all doubtful cases exploratory puncture of the bone should be made.
(2) With early diagnosis the operation of conservative drainage of the metaphysis becomes the correct routine. The gutter operation and diaphysectomy should be needed only in advanced and neglected cases.
Mr. ALEXANDER MITCHELL. Acute osteomyelitis is one of the most serious clinical conditions with which we have to deal, and, although in most cases-the local treatment is of vital importance, in a certain proportion the accompanying septiciemia is so virulent that the outlook is hopeless from the start. .
In every case a blood culture should be taken at the first operation. It is obvious that this is desirable, but it is often omitted.
Generally speaking, the most important factor in a favourable prognosis, both as to life and to future function, is early treatment, but this is not always possible.
As to actual operative treatment there is considerable diversity of practice, from simple incision through the periosteum, followed by fomentations, to resection of the complete diaphysis. Of simple incision I had some experience as house surgeon in a children's hospital and the results were disastrous. A possible exception to this may be in the mild type of pneumococcal osteomyelitis seen in young children.
In an early case of septic osteomyelitis of the end of a long bone, taking out a piece of the cortex to provide for drainage, gives in most cases a good immediate result, but in a certain proportion secondary operations are needed, prolonged suppuration ensues, and the end results are not uniformly perfect. Judging from the results of my own and other cases, I do not think that subperiosteal resection of all the length of bone affected has received the recognition it deserves, but I realize that there is a sharp cleavage of opinion on this point. In cases with an extensive infection of the tibia, humerus, or femur, I have not found drainage of the end or "guttering " of the length of the bone satisfactory; the tibia and humerus readily become infected in all their length, the femur in the lower half or two-thirds. In such cases it has been for many years my practice to resect the whole length of the infected shaft, and I believe that my results justify this procedure. Rarely resection may result in the production of an irregular and unsightly bone, and in one case I have seen complete failure of regeneration; but such a result occurs only in virulent ases and may be regarded as an alternative to amputation. In over 90 per cent. of cases, with careful after-treatment, securing extension and early active muscle exercise, a good result will be ensured. An argument against resection is that it is attended by a high mortality. In my last seventy cases primary resection was done thirteen times, with one death, and the patient in that case had active septiciemia. The total mortality from these seventy cases was ten-a very high one-I think explained by the fact that of these ten, eight had an active blood infection. Patients treated by more conservative methods when the disease has been extensive have to undergo additional operations for the removal of long sequestra.
Recently I have had two such cases, with long sequestra in the femur. In the first case the patient suffered so much from haemorrhage, in spite of great care in packing the. wound during operation, that a blood transfusion was necessary, and she narrowly escaped with her life. The second patient died an hour after operation from a pulmonary embolism. Secondary operations may therefore be dangerous, and the longer the course of the suppuration the worse the functional result is likely to be. I do not wish to stress subperiosteal resection too much, but I think it has a place, and that with experience one can recognize cases suitable for treatment by this method.
In several cases I have tried blood transfusion, but only once it appeared to be beneficial. That was at a late stage in a hemolytic streptococcal case, and the good result was due mainly to the resulting improvement in the anemia. In acute blood infection such as one meets with in osteomyelitis or in pneumococcal peritonitis I have never seen any permanent good result from blood transfusion. I rarely see a case of severe osteomyelitis in my private work, but, although the cases are nearly all hospital ones, many of the victims are well-nourished, healthy-looking children, and one would expect children of the hospital class, when healthy, to be more resistant to sepsis than those leading a more sheltered life.
It is our duty to impress on our students the gravity of this disease, the importance of early diagnosis, and the value of a minute examination of the ends of the long bones in every child who has a persistent rise of temperature which cannot be readily accounted for.
Mr. ERIC LLOYD said he had collected and analysed a series of twenty-nine cases in the five years 1923;27 at the Hospital for Sick Children, Great Ormond Street.
He had been rigorous in excluding subacute cases and by so doing he felt that perhaps he had scarcely done justice to his hospital. The series, though small, derived some additional interest from the fact that the majority had been under his own observation, though by no means all had been in his care. Over two-thirds of them had been seen by him and he had operated upon rather less than half the total number himself. Thus there was an element of uniformity which large series sometimes lacked. Table I showed the greater frequency with which the lower limb was affected. Table II illustrated the high mortality associated with Staphylococcus aureus compared with that associated with other organisms. In Table III the eleven fatal cases were analysed and it was seen that the heart or pericardium had been involved in four out of seven of these.
Treatment had usually consisted in removal of about two-thirds of the circumference of the shaft of the long bones over such length as appeared diseased. This was' something more than the " guttering " operation and only left enough bone to act as an internal splint. This entailed a risk of fracture during or after operation and such fracture had occurred. It was his practice to open the bone and never to be content with incision of the periosteum. The usual after-treatment had been irrigation with 2 per cent. chloramine through Carrel-Dakin tubes and the wounds had been left open. Amputation had not been performed in any case. Possibly treatment nowadays was too conservative.
His experience with transfusion and intravenous medication had been disappointing, three patients had had blood transfusion (two of these were immunotransfusions) and all had died. One recovery had followed intravenous saline. Blood transfusion was not of any value in these cases.
Intravenous perchloride of mercury had been used on one or more occasions in four patients, with one recovery (a streptococcal septicewmia.) Intravenous injection oft drugs was often worth trying. The staphylococcal septicsemias were lethal and he had never seen a patient recover in such cases, though he had seen patien* with streptococcal and pneumococcal septiceemias make surprising recoveries.
Diaphysectomy had only been performed in one patient in this series, and though the result was gratifying he felt that as the infecting organism wqs a streptococcus this materially helped to ultimate success.
[Mr. Lloyd showed a series of lantern slides of the skiagrams taken in this case.
The upper four-fifths of the diaphysis of the humerus had been removed three years previously and excellent regeneration had followed. For comparison with this patient, Mr. Lloyd showed skiagrams from a similar case of Mr. Addison's. In that case the patient had been aged 44 years; his own patient (originally under Mr.
Waugh's care) was aged eight months. In each case there was streptococcal infection of the humerus; diaphysectomy had been performed in one and the modified gutter operation in the other.]
He wondered whether the high mortality amongst patients in whom the infection began in the upper third of the femur was a general experienco.
Mr. W. H. OGILVIE.
Omitting infections of bone due to injury and to spread of disease from adjacent parts, fifty-one cases of acute osteomyelitis were admitted to the surgical wards at Guy's Hospital during the five years from 1922 to 1926 inclusive. The number is small, but we are finding, in common with most London hospitals, that osteomyelitis is a vanishing disease. Now that dirt, destitution, and drunkenness are disappearing from South London, it is going the way of chlorosis and other conditions based upon diminished resistance. Average age in the series ...
years
Average age in children ...
10-.5 years
(Four adult cases over 21 omitted.) Greatest incidence at age of 13. 68 per cent. of all cases between the ages of 8 and 15.
A preponderance of males is found in all published statistics. Cloyce gives the proportion as three to one, Fraser as six to one. The age incidence in the Guy's series tallies with that given by the majority of writers, though in the figures of Trendel, quoted by Whitman, the period is said to be from the thirteenth to the seventeenth year. Here the order of frequency-upper end of tibia, lower end of femur, lower end of tibia, upper end of humerus-is the same as that given by Fraser. The comparatively large number of infections of the fibula is one of those chance variations which must appear in any small series.
An examination of the results in this series brings out the well-kAown high mortality of the disease, and the crippling which it leaves in those who survive. (2) According to type of operationt. These figures emphasize the main factors which influence mortality. Disease in the ileum is fatal in a high proportion; in the lower end of the femur it is relatively benign: The good prognosis of osteomyelitis in this last situation is due to the fact that over the popliteal surface of the femur the compact bone is not only thinner than any part of that enclosing the shaft of the tibia or humerus, but is perforated by large vascular foramina; since the infection starting in the metaphysis can thus reach the surface more readily, tension is relieved and diagnosis possible at an earlier stage of the disease.
As it has not been possible to classify accurately the types of operations which were performed in these cases, I have called " radical " those operations in which the bone has been widely removed, and " limited " those in which drainage only has been attempted. When it is remembered that the radical operations have been done in the cases of wide infection, the milder ones being treated by a more conservative type of drainage, these figures seem to suggest that wide removal of bone definitely reduces the mortality. Drilling of holes has been practised only on a very few niild cases, and has not been particularly successful. The last two operations, where incisions down to bone failed to discover pus, were desperate measures in cases of a fulminating type.
The mortality depends far more upon the severity of the infection than upon any other single cause. This is seen from the next figures, Table IV (3) which give the time between the onset of symptoms and the first operations, and which show that those cases where the clinical course has been rapid, indicating a virulent organism or a poor resistance on the part of the patient, have accounted for the greater number of deaths. The same conclusion is reached from a study of Table V, in which the average duration of symptoms before operation is seen to be 4'5 days in the cases which ended fatally, as against an average of 7'4 days for the whole series. The analysis in Table IV (4) appears to indicate that those cases in which infection can be traced to a definite source, such as boils or tonsillitis, are of a less dangerous type than those in which it is due to a general enfeeblement, allowing chance organisms, which have gained access to the tissues, to establish a foothold. 
Three months
Tables V and VI emphasize two well-known facts concerning osteomyelitis-the delayed and usually benign course taken by the disease .in adults, and the burden which such cases impose upon the accommodation of any hospital. My personal practice in the treatment of acute osteomyelitis is based uponx those simple principles which have been borne in upon me by experience.
The first, on which I would lay particular stress, is that it is impossible at the time of operation to estimate the extent of present or future necrosis in an infected bone. That which is found bare, white, and apparently dead, may survive, at any rate in part, and form the basis of repair. Sequestration does not necessarily follow the most widespread infection of the shaft. Figures 1 and 2 are radiograms of a severe case of osteomyelitis in a boy who was under my care at Guy's Hospital in 1921, and who is now at St. Vincent's Orthopadic Hospital. When he was at Guy's, this boy had infection in five of his long bones, and pus in both knee-joints.
Altogether he has had foci in about thirty different places, and among other complications an infection involving the right lateral mass of the atlas, giving rise to a large vertebral aneurysm in the occipital region. Although the destruction has been widespread, at no time have any sequestra been formed.
It is equally impossible to be certain from the appearances at opeiation that a bone is healthy and will survive, or to decide upon these grounids where resection should stop. However wide or however limited the operation, bone death always seems to occur later at the edge of the cut area. The whole bone is infected, and when to this infection is added the trauma of mechanical injury, death results.
The second principle is that in any operation for osteomyelitis we should take into consideration not only the immediate problem of infection, but that of the repair that will follow. All bone which does not die is a potential source of bone cells, and will help to bridge the gap left by bone that has been lost. If wide resection cannot ensure getting beyond the limits of future necrosis, it is not only useless but harmful. Resection carried to its logical conclusion means diaphysectomy, a procedure which any thinking surgeon must condemn. There are those who support it because it offers a prospect of rapid healing. A series of cases shown at a surgical meeting last year had been successful from this point of view, but had an average shortening of about an inch. This is a small criticism of the method. But non-replacement of bone, which may undeniably follow the operation, is an irreparable tragedy.
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The third principle, is that drainage, and drainage only, is the immediate necessity. The infection in osteomyelitis is of a comparatively mild type, only giving,rise to severe symptoas because it occurs in a cavity with rigid walls, only dangerous because the blood-vessels in that cavity are sinusoids with thin walls, through which pus can reach the general circulation. The demands of free drainage require that the medullary cavity be laid open for the length that is infected, but that is all that is immediately necessary.
The most harmful feature of the operation for osteomyelitis as commonly performed is the extensive wound kept open with packing, with the painful dressings and protracted healing which such a wound implies at the time, and the wide scar adherent to underlying bone and always ready to break down, which follows its use.
The points which I consider important in the operation are these: The incision is made in the form of a wide flap, that for the tibia, for instance, lying half an inch behind its inner border. In this way the resulting scar does not lie immediately over the bone. The compact bone only is removed for one third of the circumference, and in length as far as pus is found in the medulla, but no further. Wider resection is unnecessary and may leave a weak bone. Less wide may delay healing, for a deep and narrow cavity or a series of drill holes cannot fill up for mechanical reasons, even when infection is overcome, while a flattened trough can always close by approximation of the soft parts. The infected medulla is not curetted. or in any way disturbed, since scraping may dislodge septic emboli into the blood-stream. The wound is not packed, but Carrel tubes are laid along the trough in the bone, and the skin incision closed by interrupted sutures one inch apart. Intermittent irrigation with chloramine T is commenced as soon as the patient gets back to bed, and is continued at two-hourly intervals till the pulse and temperature return to normal. This method, which has all the advantages of an open incision as regards freedom of FIG. 2. drainage, with those of suture as regards the subsequent scar, leads to early healing in a high proportion, and gives results which are 'more permanent than those of limited drainage.
I am sceptical about the value of radical operation in late osteomyelitis. Where there is a single cavity of simple shape in the middle of the shaft of a long bone, wide removal of one wall, allowing the soft tissues to come into contact with the base of the cavity, is very s-ucessful. The majority of radical operations succeed long enough to allow the case to be shown at a surgical meeting, but relapse inevitably. In these the original shaft is replaced by an irregular formation of new bone in which organisms are present, latent, but viable. There is no single cavity, but a network of tracks united by infected granulation tissue. Such cases run a regular course, only giving trouble when pus is formed under tension. Then the patient first experiences aches in the bone, accompanied by a general feeling of ill health. The pain becomiies steady and throbbing, there is an irregular pyrexia, and finally an abscess forms and finds its way to the surface at the old scar. Once thiS has happened, all symptoms disappear, the wound heals rapidly, and the patient remains well for anything from six months to ten years, when the same series of events is again enacted. In such cases I feel strongly that no operation is justified, except for the removal of definite sequestra, and for the drainage of abscesses.
Where pyrexial attacks are frequent, I have often had recourse to the method of an older generation-the institution of permanent drainage. After an abscess has opened and the discharge dwindled to nothing, I put in a length of 10-gauge silver wire, leading from the skin to the bone, and turned at the surface in a smalkloop. This is kept in position by strapping, and removed daily for boiling. Along such a track a serous discharge only comes out, enough to produce in twenty-four hours a stain the size of a sixpence on a piece of lint. But tension in the deeper parts cannot occur, and the pyrexial attacks are definitely and permanently abolished.
I should like to express my thanks to Mr. K. Parsons, F.R.C.S., Surgical Registrar, Guy's Hospital, for collecting the surgical reports upon which this analysis is based.
Mr. NAUGHTON DUNN said that two months ago he had seen a child in the out-patient department with curved limbs and a contracted spine. She had a high temperature, and a few days after admission into hospital a swelling developed in the right side of her abdomen.
The general surgeon diagnosed appendicitis, but at the operation found a psoas abscess, due to the Staphylococcus aureus. He asked whether there was any special method of approach in dealing with osteomyelitis of the spine.
Mr. ALAN PERRY said that at London Hospital most of the cases of acute osteomyelitis came into one ward, which had been under his care for five years-; the number averaged between thirty and thirty-five a year. For five years he had been looking after that ward.
Mr. Platt seemed to have had an unusual experience with regard to early cases.
At London Hospital, when the tibia and humerus were involved there was widespread disease in both.
A blood-culture in 75 per cent. of cases was positive. His own view was that osteomyelitis was, largely, a pymmia from the beginning, there being a general blood infection, rather than as a localized disease of bone.
In his hands complete diaphysectomy had been a complete failure, as in most of the cases in which it had been performed regeneration of bone had not taken place. He remembered a case in which diaphysectomy was performed on both forearms; on the radius on one side, and on the ulna on the other. The patient had recovered, but neither of these bones had regenerated. The view held at his hospital he believed, was that diaphysectomy was not warranted, a more limited operation being more successful, because bone which was left acted as a stimulus to fresh formation.
Mr. HARRY PLATT (in reply)
said that acute osteomyelitis of the spine offered the greatest difficulty in diagnosis.
He had seen only two cases during the last fifteen years. When the diagnosis was established there was what appeared to be a large abscess arising from the transverse process or on one side of the vertebral body.
There was not much essential difference between the views he had put forward and those of Mr. Mitchell. He felt certain that in many, if not indeed most cases of acute osteomyelitis of the long bones in children, the primary focus in the metaphysis did not extend down the shaft quickly, because it came out readily to the surface. That represented the early stage of the disease in most of the cases.
Hence drainage procedures should includedrainage of the infected area only, the interior of the metaphysis and the subperiosteal space as far as it had been stripped up.
With regard to the method of drainage by means of multiple drill-holes, as used in the first instance by Clarence Starr, that had now been modified by Mr. Starrfor in an article recently published he spoke of cutting a small window. He (the speaker) usually made a small trephine, but had had very good results from drilling when the diagnosis of the disease had been made in the early phase, before subperiosteal stripping had taken place, and when pus appeared at the first drill-hole. In those cases healing occurred in a few weeks, and there was no sequestration. It was at this stage that diagnosis was most important. There should be correlation of those changes with the clinical signs by a much more careful inquiry concerning the prodromal phase. Note must be taken not merely of the symptoms voluntarily indicated by the patient, but also of those which only emerged on close crossexamination and inquiry. It would often transpire that there was a fixed pain in the end of the bone, intermittent and fleeting, and varying in intensity. This fact should be impressed upon both students and practitioners. Spread occurred late along the cancellous tissue lining the pipe bone and in the medullary cavity itself. When operation was conducted at that stage, naturally drainage must be more extensive. Subperiosteal resection-diaphysectomy-when the bone was widely infected, was a first-class drainage operation, but it should be unnecessary.
The " gutters" operation also had its place, particularly in the subacute stage of the disease, when the infection had begun in the middle of the shaft and extended up and down. For the radius and ulna, of the adult especially, the "gutter " was a good operation.
Each procedure had its place; all represented an attempt to establish adequate drainage and to make as small as possible the later sequels which were still too familiar.
He possessed little accurate information as to the effects of blood transfusion, but in his experience patients who had been desperately ill from the disease had rallied for a time after blood transfusion had been carried out.
A blood-culture should be carried out as a routine procedure.
